Background: Several stakeholders have undertaken initiatives to propose solutions towards a more sustainable health system and Spain, as an example of a European country affected by austerity measures, is looking for ways to cut healthcare budgets. Methods: The aim of this paper is to study the effect of private health insurance on health care utilization using the latest micro-data from the European Community Household Panel (ECHP), the Spanish National Health Survey (SNHS) and the European Union Statistics on Income and Living Conditions (EU-SILC). We use matching techniques based on propensity score methods: single match, four matches, bias-adjustment and allowing for heteroskedasticity.
Background
In recent years, and because of the economic crisis, Spain's government has been looking for ways to cut healthcare budgets. The main goals are focused on reducing health care expenditure, although patients have to face long waiting lists for hospital admission, lack of medical staff, greater co-payments or participation of the patients in the costs according to the utilization of the services in order to raise efficiency in health care provision.
In Spain, the right to health protection and care is laid out in article 43 of the 1978 Constitution. Also, it is important to point out that the process of devolution of health services available to the Autonomous Communities that had begun in 1981, concluded in 2001 (for further information of the Spanish National Health System, see the formal description made by the Ministry of Health and Consumer Affairs [1]). In this regard, the Spanish National Health System is organized in two levels: "Primary Health Care" and "Specialist Care". However, access is gained by referral from Primary Health Care ("gatekeeping system").
The fast growth of expenditure on health care and its relationship with health outcomes have been largely studied in the European Union countries [2] [3] [4] . Nowadays, the increase in health expenditure is considered to a sign of a richer society looking for more health care. Part of this increase is because of population aging and technological improvements. In general, access to some level of health care services in European countries is universal for all individuals however they may opt for private health insurance by taking out supplementary coverage. Obviously, health care systems in European countries differ in the source of financing, coverage and means of delivering benefits, but they are also mainly financed through taxation or contributions from employers and employees. This fact justifies the differences between public and private health expenditure.
As a result, over the last few years, there has been a vast amount of literature focus on health care financing and expenditure. In fact, different stakeholders have also undertaken initiatives to propose solutions towards a more sustainable health system. These are carried out specially on studies analysing supplementary private health insurance. Obviously, the expansion (or reduction) of double health insurance coverage has important effects on health care utilization, spending and new technologies [5, 6] .
Bago d'Uva and Jones [7] conducted a study on health in several European countries to study the differences in the demand for health. They used the full dataset of the ECHP, which lasted from 1994 until 2001. Using the same dataset, Gonzalez and Clavero [8] concluded that the majority of differences in the number of visits to a general practitioner are explained by the individual characteristics of those insured, while the divergences in the number of consultations with specialists are the result of the overuse of this care by the population with double health insurance coverage. Concerning visits to the general practitioner, that inequality, in favor of those protected by the public system is explained by the endowments of that group and furthermore to an underutilization of this service on the part of individuals who have double coverage. In consultations with specialists, the inequality in favour of the latter group is due to their overuse of the service. Ayala and Rodríguez [9] tested whether participation in work-related activities yields positive results in terms of health outcomes and behaviors in Spain.
From another perspective, Urbanos-Garrido and López-Valcarcel [10] estimated the effect of unemployment on the overall and mental health of the Spanish working-age population. They apply matching techniques to cross-sectional micro data for the Spanish Health Survey concluding that the effect is particularly high on the long-term unemployed. In fact, within a National Health Insurance System, individuals who take out private insurance are likely to be those who anticipate, based on private information, a higher than average demand for health care [11, 12] .
Barros et al. [13] studied the effect of extra health insurance on the number of clinical visits. The case under study is Portugal where there is a National Health System, but the civil servants and their dependents have another health insurance. The authors study whether having double health coverage implies that such persons demand more health services than those who only have one. The methodology that they use is matching estimators to estimate the effect on the number of visits to the doctor if they have extra health insurance. In particular, they show the results based on simple matching and biased adjusted matching. They demonstrated that the effect of an extra health insurance is positive and substantial. This effect is more important for the youngest cohort.
The aim of this paper is to study the effect of private health insurance on health care utilization in Spain using the latest micro-data from the European Community Household Panel (ECHP), the Spanish National Health Survey (SNHS) and the European Union Statistics on Income and Living Conditions (EU-SILC). We also combine SNHS and EU-SILC because of limitations of both for the purpose of this study. Following the methodology proposed by Arellano and Meghir [14] , we provide statistical evidence on the compatibility of the two samples. Once we have combined both datasets, we study whether having an extra health insurance policy affects the number of times that health care is required. To achieve this aim, we use matching techniques based on propensity score methods. So, we are going to study the effect on an individual's use of healthcare when he or she has purchased health insurance. Therefore, the problem is to identify the effect of a "treatment". In this sense, the causal effect of interest is the difference between the outcome with and without treatment. Obviously, an individual cannot be observed in these two situations at the same time.
This paper uses policy evaluation techniques, namely propensity score matching, to assess the extent to which Spanish individuals with double health insurance coverage use (general practitioner and specialist visits) more or less health care than their counterparts who do not have such coverage. Also, we derive the empirical results and discuss our main findings as well as policy implications.
Methods

Relevance of double health insurance coverage
In Spain the National Health Service offers universal coverage as a constitutionally-guaranteed right. Nowadays, there are important problems such as the need to control health spending growth, waiting lists, etc. It is, therefore, necessary to evaluate policies with respect to the measures taken to address these problems. One of the solutions that has arisen to reduce both costs and waiting lists is to use and finance private healthcare. However, having double health insurance coverage may increase the number of medical visits. In this case, we state that there is moral hazard [15, 16] . However, there are two types of moral hazard. When the individual changes his/her behavior towards risk because it has extra insurance this is termed ex-ante moral hazard. And the other possibility is that people change their behavior because they have an extra insurance; they seek medical advice in circumstances where if they did not have that extra insurance policy they would not. This may be another problem which has to be avoided to control health care expenditure, so it is necessary to study the behavior of individuals with private health insurance. Thus, comparing the effect of private and public insurance on health care utilization is important, as they complement each other, and also offers insight to policy makers on the relevance of either insurance scheme. Also, the use of micro-data from varied sources to arrive at a conclusion is important.
The use of health care services depends on the type of insurance [17] . In fact, there is a positive effect of private insurance on hospital in-patient services [18] . In Portugal, for example, the effects of health insurance on the number of clinical visits are substantial and positive [13] . However, double coverage creates additional utilization of health care across the whole outcome distribution [19] . In addition, private insurance in France has a strong and significant effect on health care utilization [20] . Besides, there are studies that compare the effect of voluntary private health insurance among different countries, using the out of pocket healthcare spending as outcome. The results indicate that private insurance is a strong incentive to spend more out of pocket healthcare in Spain, Italy, Austria and Denmark [21] . In the case of Spain, using data from the National Health Survey of 1997, people with only public insurance go 2.8 times to the general practitioner for each time that they visit a specialist; individuals with double coverage have a ratio of general practitioner/specialist visits equal to 1.4 [22] . In the case of Catalonia (a Spanish Autonomous Community), there exists a positive effect of double coverage on visits to specialists among non-heads of household [12] . From another point of view, individuals with prescription drug insurance also make more visits to the General Practitioner (GP) than those who do not have that insurance [23] . Other studies analyze the effect of co-payment rates and conclude that a decrease in co-payment rates produces an increase in the demand for health care services [24, 25] . In fact, voluntary health insurance provides complementary cover for services excluded or not fully covered by the state as well as faster access and enlarged consumer choice.
In addition, due to the economic crisis that has existed since 2008, reducing health expenditure and waiting lists is one of the greatest issues of importance for Spain. In fact, unemployment has a negative effect on both SelfAssessed Health (SAH) and mental health [26] . This effect is particularly high for the long-term unemployed. It should be taken account that this crisis has produced a decrease in public health expenditure by 7.2% in 2009 to 6.8% in 2011 [10] . However, private health expenditure has increased from 2.4 to 2.5% in the same period of time. Thus, the study of the potential reduction in health care utilization associated with private insurance is a point of great interest not only for policy makers but also for the whole population.
Estimation techniques
In this study, we are interested in calculating the effect of double health insurance coverage on health care utilization. In particular, we want to study whether individuals behave differently precisely because they have a private health insurance. This is known as the average treatment effect on treated. To estimate it, we applied matching and propensity score methods that are based on comparing two groups. On the one hand, in the first group, there are individuals who have received treatment and in the second one, called the control group, there are those individuals who have not received treatment but have similar characteristics to those who received it. In particular, each individual from the first group is paired with one or more individuals in the control group. Let the variable w be a binary treatment indicator, where w = 1 denotes treatment and w = 0 otherwise. We have a random vector (y 0 , y 1 , w) from an individual of the population of interest. Thus, the Average Treatment Effect (ATE) on treated is defined as [27] :
where Y 0 and Y 1 represent health outcomes for individuals who do not have private health insurance or those who do, respectively.. We are going to define the causal effect in terms of potential outcomes or counterfactuals [28] . We consider an individual i. He or she can receive the treatment and his/her outcome is y 1 . If he/she does not receive the treatment, then his/her outcome is y 0 . Obviously, an individual cannot be in the two categories. Therefore, we cannot observe both.
Thus, causal effects are comparisons of y 0 and y 1 , for example y 1 − y 0 or y 1 /y 0 [27] . We will focus on measuring y 1 − y 0 . For this, we need to make an additional assumption: We have an independent, identically distributed sample from the population. This implies that the treatment on individual i affects only to individual i, which is called the Stable Unit Treatment Value Assumption (SUTVA). In most programs the individual is the one who decides whether to participate. Thus there is self-selection into treatment. If we assume that w is independent of y 0 , we can estimate ATE 1 consistently:
If it holds that
substituting it in eq. (2) we have an unbiased estimator of ATE 1 .
When w and (y 0 , y 1 ) are allowed to be correlated we need the assumptions that Rosenbaum y Rubin proposed [27] and which were called ignorability of treatment:
Assumption 1: Conditional on x, w and (y 0 , y 1 ) are independent.
Often it is enough to assume:
Under Assumption 2 the average treatment effect conditional on x (ATE(x)) and the average treatment effect of the treated conditional on x (ATE 1 (x)), are identical. To estimate ATE 1 we can use regression methods that can be nonparametric and parametric. As we have a random sample on (y, w, x) from the population, r 1 (x) ≡ E(y| x, w = 1) and r 0 (x) ≡ E(y| x, w = 0) are no parametrically identified. They are conditional expectations that depend entirely on observables and they can be consistently estimated.
In consequence, to apply matching methods we need to accept Assumption 1, which is a particular case of a balancing score. A balancing score is a function b(x) of the observed covariates such that (y 0 ,
Thus, the simplest case of balancing score is b(x) = x. To ensure compliance of Assumption 1, the vector of covariates x should contain all information affecting the participation in the program and the variable that is being studied. One of the balancing scores most used is the propensity score defined by Rosenbaum and Rubin [27] . They demonstrated that if treatment assignment is strongly ignorable, conditioning on the propensity score allows one to obtain unbiased estimates of average treatment effects.
Hence, a key point is to calculate the corresponding propensity score. Let x be a set of covariates. The propensity score is the conditional probability of assignment to treatment, given the covariates. We denote it as:
Once we have calculated the propensity score, we have several methods for applying matching techniques. In particular, we have used nearest-neighbor matching [29] . This method will match the individuals whose propensity score shows the smallest difference. Let T be the set of treated units and C the set of control units. Let C(i) be the set of control units matched to the treated unit i with an estimated value of the propensity score of p i , nearest-neighbor matching sets:
In addition, to test the sensitivity of our results, we have considered different estimators: one to-one propensity score matching, using 4 matches, using 4 matches and bias adjustment and finally allowing for heteroskedasticity.
Data description and exposure variables
Therefore, the idea of our empirical approach is as follows. Firstly, the data used in this paper are obtained from the ECHP. This survey contains data on individuals and households for the European Union countries with eight waves available (1994 to 2001). The main advantage is that information is homogeneous among countries since the questionnaire is similar throughout them. This source of data is coordinated by the Statistical Office of the European Communities (EUROSTAT). Also, this survey includes rich new information about income, education, employment, health, etc. This representative survey of households in different European Union countries was carried out for the first time in 1994 and 60,500 households were interviewed (approximately 170,000 individuals).
In order to determine the main socio-demographic characteristics of people who have a private health insurance, we have classified them into six groups of variables: personal and household characteristics, education level, marital status, personal earnings, occupational status and variables related to individuals' health. Definition of all the variables and the basic descriptive statistics are shown in Table 1 .
As personal characteristics we have included two variables: the individual's age (in years) and gender (building a dummy variable which takes value of 1 if individual is female and 0 otherwise). To allow for a flexible relationship between the probability of having private health insurance and AGE, a quadratic polynomial function of this variable is included (AGE2 = Age^2). The second group of variables refers to the maximum level of education completed. In the ECHP, education is classified into three categories based on ISCED classification: lower than secondary level (ISCED 0-2), second stage of secondary level (ISCED 3) and third level (ISCED 5-7). Thus, two dummy variables have been included: bellow secondary level (EDUC1) and tertiary level education (EDUC2). Thirdly, regarding marital status, we have considered four variables (SINGLE, SEPARATED, DI-VORCED and WIDOWED) with married as the reference category. On the other hand, we are concerned with the influence of income on having private health insurance. Our income variable is a natural logarithm of the individual's wage (LOGWAGE). Other variables included in the analysis related to the labor market are employment status. We have considered a dummy variable that takes value one if the individual is unemployed and zero otherwise (UNEMPLOYMENT). Also, we have considered other variables related to health status. We have taken into account whether an individual has any chronic condition (CHRONIC), whether the individual has been in hospital the previous year (HOSPITAL), the number of visits to the doctor (NUMBER_VI-SITS) and finally we have considered individuals' SAH. We have defined two dummy variables: FAIR_-HEALTH (1 if individual's SAH is fair and 0 otherwise) and BAD_HEALTH (1 if individual's SAH is bad or very bad and 0 otherwise). Moreover, we have incorporated another dummy variable which takes value 1 if the individual smokes daily or occasionally (SMOKER). Finally, we have defined another dummy variable that indicates whether the individual has private health insurance (PRIVATE_INSURANCE).
The effect of double health insurance coverage has been researched using information from another two independent sources: the European Union Statistics on Income and Living Conditions (EU-SILC, 2011 and 2012) and the Spanish National Health Survey (SNHS) (2011/2012). The EU-SILC contains data on individuals and households for European Union countries. It is published annually and the main advantage is that information is homogeneous among countries since the In order to establish the main socio-demographic characteristics of people who have a private health insurance, we have classified them into four groups of variables: personal characteristics, marital status, variables related to individuals' health and income. Table 2 shows explanatory variables used in estimations and their corresponding definitions. Firstly, as personal characteristics we have included two variables: the individual's age (in years) and sex (building a dummy variable which takes value of 1 if individual is male and 0 otherwise). To allow for a flexible relationship between the probability of having a private health insurance and AGE, a quadratic polynomial function of this variable is included (AGE 2 ). Secondly, regarding marital status, we have considered three variables (SINGLE, SEPARATED_DIVORCED and WIDOWED) with married as the reference category. Also, we have considered different variables related to health status. We have taken into account whether an individual has a chronic condition (CHRONIC) or limitation in his/her life (LIMIT), the number of visits to the general practitioner (NUMBER_VISITS_GENERAL) and the number of visits to the specialist (NUMBER_VI-SITS_SPECIALIST). Also, we have considered individuals' Self-Assessed Health (SAH) and we have defined two dummy variables: GOOD_HEALTH (1 if individual's SAH is good or very good, 0 otherwise) and BAD_-HEALTH (1 if individual's SAH is bad or very bad, 0 otherwise), leaving fair health as the reference category. In addition, we have incorporated another dummy variable which takes value 1 if individual smokes daily or occasionally (SMOKER). In addition, DRINK and OBESE are two dummy variables. They indicate whether the individual consumes alcohol regularly and whether he/she is obese (Body Mass Index greater than 30), respectively. Besides, we have defined two dummy variables that indicate whether the individual has private health insurance taken out by him/herself (PRIVATE_INSUR-ANCE_INDIVIDUAL) or by the company (PRIVATE_  INSURANCE_COMPANY) .
Finally, as pointed out before, we are concerned with the influence of income on having a private health insurance. The problem is that the SNHS does not contain information about income. For this reason, this information has to be obtained from the EU-SILC. It is worth noting that the composition of both samples does not differ very much.
Also, the data do make clear that those individuals who have private health insurance (taken out by themselves or their company), use public health system less than individuals without double health insurance coverage. In this sense, it is important to notice that in Spain, it is not usual to have at the same time individual private insurance and private insurance taken out by the company. In fact, in our surveys, this option is not considered. In Table 3 , we can see that 67.21% of individuals who have private health insurance taken out by 
Results
We focus on those characteristics which could explain an individual having private health insurance [8] . A set of factors gathered in a vector x explain this fact so the probability model is a regression:
The set of parameters β reflects the effect of changes in x on the probability. In order to estimate this equation, a nonlinear specification of F(.) can avoid logical inconsistency and the possibility of predicted probabilities outside the range [0, 1]. The most common nonlinear parametric specifications are logit and probit models which have been analysed, and we use a latent variable interpretation. Table 4 shows the results of the probit equation for the years 1998 to 2001. The aim is to model the probability of an individual having private health insurance as a function of socioeconomic characteristics. To interpret the quantitative implications of these findings, we compute average and partial effects. According to this, results seem to be similar every year. The unemployment coefficient is always negative. So, as expected, an unemployed person is less likely to have private health insurance than a person who is working. On the other hand EDUC2 coefficient is positive, which confirms that the level of education is highly correlated with double health insurance coverage.
Moreover, we want to analyse the effect of double health insurance coverage on health care utilization. In particular, we wish to study whether individuals behave differently precisely because they have private health insurance. We are going to estimate the average treatment effect and the average treatment effect on those treated. To calculate the average treatment effect on those treated we have used four different matching models: single match, four matches, bias-adjustment and allowing for heteroskedasticity. Table 5 shows the results based on the ECHP. The first estimator that we have considered in row one is the One to One propensity score matching. We find that the difference between the matched treated and the matched controls is −0.2779 in 2001, −0.1418 in 2000, −0.1235 in 1999 and −0.6379 in 1998 while the Z-statistics for H 0 are −1.22, −0.72, −0.54 and −2.83, respectively for ATE 1 on visits to the general practitioner. On the other hand, we find that when we analyse ATE 1 on visits to a specialist, the difference between the matched treated and the matched controls is 0.7933 in 2001, 0.6691 in 2000, 1.0283 in 1999 and 0.6900 in 1998. By using four matches, results are quite similar either for visits to a general practitioner or visits to a specialist. We choose it because in this way we do not rely on too few information-matching observations that are not sufficiently similar.
For all the specifications at hand, we can conclude that the ATE 1 s are significantly different from zero at the 1% level when we are considering the effect of private health insurance on specialist visits whereas the ATE 1 s are not always significant when we consider as outcome "Visits to general practitioner". It depends on the year and the estimator considered. Similar findings are obtained when we use the bias-corrected matching estimator or allowing for heteroskedasticity. It adjusts the difference within the matches for the differences in their covariate values where the last method estimates the standard error allowing for heteroskedasticity. Our results show that when the standard error is estimated under these weaker conditions the estimated ATE 1 is always significant at the 1% level.
As we are interested in expanding this analysis to the next years (note that ECHP is only available till 2001), we have combined EU-SILC and SNHS using the model described by Arellano and Meghir [14] . We have a first sample which is not enough to identify the parameter of interest and a second one which includes information on additional variables and provides the complementary number of variables that are necessary to identify our parameters of interest. For this purpose, we have estimated personal income by using the EU-SILC calculated by the following model:
where w corresponds to the logarithm of individual's earnings, X k and ε are the k-th explanatory variable and a random error term, respectively. This methodology is based on regression analysis, and departs from Ordinary Least Squares (OLS) estimation of a logarithmic individual wage equation. Once personal income is estimated, we have allocated it to the SNHS (2011/2012). Thus, we are going to estimate the effect of having private health insurance (double health insurance coverage) on general practitioner and specialist visits. Table 6 reports the ATE 1 estimates for 2011 and 2012 in the case where private insurance is taken out by individual or by the company, respectively. Also, to test the robustness of our results, we have combined EU-SILC (2011) with SNHS (2011/2012) and have combined EU-SILC (2012) with SNHS (2011/2012). To calculate the average treatment effect on the treated we have used nearest neighbor matching. As can be noticed, double health coverage produces an increase on the number of visits to the specialist doctor and on the number of consultations with the general practitioner on those individuals who have taken out private insurance. The results indicate that for the individuals in our sample, the average effect of having private health insurance (taken out by the individual or by the company) is an increase in the number of consultations with general practitioner and specialist. The estimated ATE 1 is always statistically significant ranging between 0.069 and 0.13 for the visits to the general practitioner and between 0.067 and 0.112 for the visits to specialist doctors. Obviously, we are assuming that potential outcomes are independent of treatment assignment (un-confoundedness). Therefore, selection is based on observable characteristics and all variables in which influence treatment assignment and potential outcomes are observed simultaneously [30] . However, a further requirement besides independence is the common support or overlap condition. Figure 1 shows the propensity score histogram by treatment status and as can be noticed, we do not have overlap problems. Above the horizontal line is the propensity score histogram of the control group (w = 0) and below, the treatment one (w = 1). The histogram shows how many treated and control units are matched within each propensity score stratum. As long as there are at least as many untreated units as there are treated units, we can match both using neighbor algorithm. Moreover, another point of interest is the one related with potential endogeneity problems. These issues may arise by the way in which the relevant health status is observed in social surveys. However, we have assumed exogeneity of health indicators based on the results obtained by Urbanos et al. [10] , Kreider [31] and Lindeboom et al. [32] . In fact, it is assumed that the effect of taking out private health insurance on health status is a gradual process rather than an instantaneous effect. 
Discussion
This paper attempts to assess the importance of the effect of private health insurance on the use of health care services (visits to General Practitioners and specialist doctors) based on Spanish data. First of all, using the ECHP and applying public evaluation policy techniques, we have studied whether there are differences in the number of visits to specialists (mainly preceded by visits to general practitioners) and general practitioners between individuals with different healthcare coverage through additional affiliation to mutual or private health insurance companies. In this sense, there is no empirical evidence of an overutilization of health care by the population with double health insurance coverage. We have used matching techniques to estimate the average treatment effect on those treated who have private health insurance on the number of medical visits. We replicate a randomized experiment by looking for treated and control groups with similar covariate distributions. This goal has been achieved by choosing well-matched samples of the original treated and control groups, thereby reducing bias due to the covariates. Besides, we show that using more recent data, in Spain, 12.45% of the population had mixed health care coverage (SNHS, 2011-12) . This refers to those persons who have at the same time both public and private health care coverage. Private medical insurance allows individuals to avoid waiting lists and receive fast-track consultations. In order to analyze such "extra-coverage" we rely on propensity score methods. The results of all models are quite similar and they show that the effect of having a private health insurance on the visits to general practitioner on those who have private health insurance is an increase in the number of consultations by 0.069 to 0.13 and its effect on the number of visits in the specialist doctor is a variation of consultations by 0.067 to 0.112. We have also found differences depending on whether the health insurance is taken out by the individual or by the company.
Conclusions
By using a large data sample, we conclude that having double health insurance coverage has an important effect on health care utilization in Spain which suggests that promoting private health insurance can yield a decrease in waiting lists and public health expenditure even though it could damage the most vulnerable population groups and disadvantaged social classes, enhancing something undesirable: the inequality gap.
Overall, our study has shown that evaluation of public policies is important not only because it provides feedback on the efficiency, effectiveness and performance of public policies but it can also be critical to policy Source: Author's elaboration based on SNHS and EU-SILC improvement and innovation. Indeed, our results are very useful when policy makers design public-private partnership policies that could benefit the whole population. In this sense, it is important to study whether promoting private medical insurance would reduce waiting lists and increase self-assessed health. In fact, new deductions on taxes could be an alternative to promote private health insurance. In Spain, as a result of the economic situation, there exists an important problem regarding "long waiting lists" for non-urgent medical care, in diagnostic or therapeutic procedures. In this sense, it is important to study whether promoting private medical insurance would reduce waiting lists and increase self-assessed health [33, 34] . Therefore, evaluation of economic policies provides feedback on their efficiency, effectiveness and performance and can be critical to policy improvement and innovation. 
